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RADIO COMMUNICATION APPARATUS USED IN CDMA COMMUNICATION 
SYSTEM, WHICH HAS FINGERS AND IS DESIGNED TO PERFORM RAKE 
RECEPTION, AND POWER CONSUMPTION CONTROL METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION: 

The present invention relates to a radio communica- 
tion apparatus and a power consumption control method 
therefor and, more specifically, to a radio communication 
apparatus used in a CDMA mobile communication system, 
which has a plurality of fingers and is desired to perform 
rake reception, and a power consumption control method 
therefor . 

DESCRIPTION OF THE PRIOR ART: 

Recently, mobile communication systems such as a sys- 
tem using portable telephones have become widespread. One 
of the communication schemes used by such mobile communi- 
cation systems is CDMA (Code Division Multiple Access), 

According to CDMA, on the transmitting side, data is 
spread by using one of predetermined spreading codes which 
differ depending on the data to be transmitted, and the 
spread data is transmitted. On the receiving side, the 
data is obtained by spreading (so-called despreading) the 
reception signal by using a spreading code identical to 
the one used on the transmitting side (to be precise, a 



code complex conjugate to the spreading code on the trans- 
mitting side). In such communication based on CDMA, on 
the receiving side, the peak correlation value of a re- 
ceived signal is found out by shifting the despreading 
timing, thereby regenerating the signal transmitted from 
the transmitting side. 

In an actual communication environment for a mobile 
communication system, until a signal from one base station 
reaches a mobile station, a plurality of paths such as di- 
rect waves and reflected waves are present. In CDMA, such 
multipath signals can be separated from each other to be 
recognized as data. Therefore, a path diversity arrange- 
ment can be used, in which fingers for despreading the re- 
spective multipath signals are arranged for the respective 
paths, and a rake reception section for combining signals 
from the respective fingers is used. 

Fig. 1 is a block diagram showing a conventional de- 
modulation circuit for performing demodulation by 
despreading in a CDMA mobile station. 

Referring to Fig. 1, this demodulation circuit is 
comprised of a delay profile calculating section 11 for 
calculating a delay profile, a finger path allocating sec- 
tion 12 for operating fingers 13a and 13b on the basis of 
the delay profile generated by the delay profile calculat- 
ing section 11, a finger section 13 constituted by the 



fingers 13a and 13b for despreading a reception signal, a 
rake reception section 14 for combining the despreading 
results as outputs from the fingers 13a and 13b, and a re- 
ception data processing section 15 for demodulating an 
output from the rake reception section 14 and outputting 
the resultant digital data as a demodulated output signal. 

Fig. 1 shows only two fingers, i.e., the fingers 13a 
and 13b, for the sake of illustrative convenience. How- 
ever, this circuit may have more fingers in consideration 
of the number of multipath signals produced. 

The reception signal received by the mobile station 
is subjected to quadrature detection to be demodulated. 
The I and Q component signals of this quadrature detection 
output are input to the delay profile calculating section 
11. The delay profile calculating section 11 generates a 
delay profile by calculating the correlation between the 
signals . 

The finger path allocating section 12 searches the 
delay profile, calculated and generated by the delay pro- 
file calculating section 11, for peaks. Path positions 
are then allocated, as allocated path positions, to the 
fingers 13a and 13b in decreasing order of power correla- 
tion values. In the finger section 13, the fingers 13a 
and 13b despread signals sent over the allocated paths. 
The rake reception section 14 rake-combines the resultant 
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outputs. The reception data processing section 15 demodu- 
lates the output from the rake reception section 14, and 
outputs the resultant digital data, which is the demodula- 
tion result, as a demodulation output signal. 

As described above, in a CDMA mobile station, a de- 
modulation circuit for performing demodulation by 
despreading determines paths to be allocated to the re- 
spective fingers on the basis of the delay profile gener- 
ated by a delay profile calculating section. 

Fig. 2 is a view for explaining an example of the 
timing at which delay profile calculation processing is 
performed in a conventional demodulation circuit. 

Fig. 2 is a view showing a reception signal, in which 
the hatched portions represent pilot symbols (to be de- 
scribed later), i.e., known data portions, and the remain- 
ing portions represent information data symbol portions. 

As shown in Fig. 2, in the conventional demodulation 
circuit, delay profile calculation is performed for each 
pilot symbol, and the values obtained by, for example, N 
calculations, are averaged, thereby obtaining a delay pro- 
file to be output from the delay profile calculating sec- 
tion 11 in Fig. 1. 

Delay profile calculation should be done when the ef- 
fective reception path position changes due to, for exam- 
ple, the movement of the mobile station. However, accord- 



ing to the conventional demodulation circuit, as described 
above, delay profile calculation is performed at a fixed 
cycle, and the effective reception path position does not 
always change in this cycle. 

For this reason, in the conventional demodulation 
circuit, delay profile calculation is performed even when 
it is not necessary, resulting in a waste of power. 

If the intervals at which delay profile calculation 
is performed are simply prolonged to reduce power consump- 
tion, delay profile calculation may not be performed even 
when it is necessary as the effective reception path posi- 
tion changes, resulting in a demodulation failure. 

As communication terminals, like current portable 
telephone terminals, are required to become smaller in 
size with longer periods of use, increases in power con- 
sumption pose a serious problem. Demands have therefore 
been arisen for portable telephone terminals capable of 
reducing power consumption while maintaining good recepti- 
on characteristics. 

SUMMARY OF THE INVENTION 
The present invention has been made in consideration 
of the above situation in the prior art, and has as its 
object to provide a radio communication apparatus which is 
used in a CDMA communication system, can reduce power con- 
sumption while maintaining good reception quality, and 



performs finger path allocation processing, and a power 
consumption control method. 

In order to achieve the above object , according to 
the first main aspect of the present invention, there is 
provided a radio communication apparatus which is used in 
a CDMA communication system, has a plurality of fingers, 
and performs rake reception, comprising a delay profile 
calculating section for calculating a delay profile using 
a reception signal, and a finger path allocating section 
for allocating path positions to the plurality of fingers 
on the basis of the delay profile calculated by the delay 
profile calculating section, wherein a delay profile cal- 
culation cycle in the delay profile calculating section is 
variable . 

In order to achieve the above object, according to 
the second main aspect of the present invention, there is 
a radio communication apparatus which is used in a CDMA 
communication system, has a plurality of fingers, and per- 
forms rake reception, comprising a delay profile calculat- 
ing section for calculating a delay profile using a recep- 
tion signal, a finger path allocating section for allocat- 
ing path positions to the plurality of fingers on the ba- 
sis of the delay profile calculated by the delay profile 
calculating section, a reception characteristic detecting 
section for detecting reception characteristics of the re- 



ception signal, and a delay profile calculation control 
section for controlling a delay profile calculation cycle 
in the delay profile calculating section on the basis of 
the reception characteristics detected by the reception 
characteristic detecting section. 

In the radio communication apparatus according to the 
second main aspect, the reception characteristic detecting 
section detects a reception BER or reception SIR . 

In the radio communication apparatus according to the 
second main aspect, the delay profile calculation control 
section stops delay profile calculation processing in the 
delay profile calculating section when the reception char- 
acteristics detected by the reception characteristic de- 
tecting section are good. 

In the radio communication apparatus according to the 
second main aspect, the delay profile calculation control 
section stops delay profile calculation processing in the 
delay profile calculating section for a predetermined 
period of time in accordance with a predetermined thresh- 
old when the reception characteristics detected by the re- 
ception characteristic detecting section are good as com- 
pared with the predetermined threshold. 

The delay profile calculation processing is stopped 
by interrupting an operation clock supplied to the delay 
profile calculation processing in the delay profile calcu- 
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lating section * 

In the radio communication apparatus according to the 
second main aspect, the delay profile calculating section 
comprises a holding section, and while the delay profile 
5 calculation processing is stopped, the holding section 
keeps outputting a delay profile calculated immediately 
before the delay profile calculation processing is stopped. 

In the radio communication apparatus according to the 
second main aspect, the delay profile calculating section 
10 calculates an average delay profile by averaging values 
obtained by performing delay profile calculation by a pre- 
determined number of times, the finger path allocating 
section allocates path positions to the plurality of 
fingers on the basis of the average delay profile, and the 
15 delay profile calculation control section controls the 
number of times of calculations in the delay profile cal- 
culating section on the basis of the reception character- 
istics detected by the reception characteristic detecting 
section . 

20 In addition, the delay profile calculation control 

section decreases the number of times of calculations in 
the delay profile calculating section when the reception 
characteristics detected by the reception characteristic 
detecting section improve, and increases the number of 

25 times of calculations in the delay profile calculating 
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section when the reception characteristics deteriorate. 

In order to achieve the above object, according to 
the third aspect of the present invention, a radio commu- 
nication apparatus which is used in a CDMA communication 
5 system, has a plurality of fingers, and performs rake re- 
ception , comprising a delay profile calculating section 
for calculating a delay profile using a reception signal, 
a finger path allocating section for allocating path posi- 
tions to the plurality of fingers on the basis of the de- 

10 lay profile calculated by the delay profile calculating 
section, a reception characteristic detecting section for 
detecting reception characteristics of the reception sig- 
nal, and a delay profile calculation control section for 
controlling an in-phase addition count in delay profile 

15 calculation in the delay profile calculating section on 
the basis of the reception characteristics detected by the 
reception characteristic detecting section. 

In the radio communication apparatus according to the 
third main aspect, the delay profile calculation control 

20 section decreases an in-phase addition count in the delay 
profile calculating section when the reception character- 
istics detected by the reception characteristic detecting 
section are good. 

In the radio communication apparatus according to the 

25 third main aspect, the delay profile calculation control 
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section sets an in-phase addition count in the delay pro- 
file calculating section to a predetermined count in ac- 
cordance with a predetermined threshold when the reception 
characteristics detected by the reception characteristic 
5 detecting section are good as compared with the predeter- 
mined threshold. 

In order to achieve the above object , according to 
the fourth main aspect of the present invention, there is 
provided a radio communication apparatus which is used in 

10 a CDMA communication system, has a plurality of fingers, 
and performs rake reception, comprising a delay profile 
calculating section for calculating a delay profile, a 
finger path allocating section for operating the fingers 
on the basis of the delay profile generated by the delay 

15 profile calculating section, a rake reception section for 
combining despreading results output from the plurality of 
fingers , a reception data processing section for demodu- 
lating an output from the rake reception section and out- 
putting resultant digital data as a demodulated output 

20 signal, a known data table in which known data to be con- 
tained in a reception signal is stored in advance, a 
threshold table in which a threshold associated with an 
error rate of a reception signal is stored in advance , a 
reception data comparing section for obtaining an error 

25 rate of the reception signal by comparing known data con- 
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tained in an output signal from the reception data proc- 
essing section with the known data stored in the known 
data table , and output ting a signal in accordance with a 
result of comparison between the error rate and the 
5 threshold stored in the threshold table, and a delay pro- 
file calculation control section for outputting a control 
signal for controlling operation of the delay profile cal- 
culating section on the basis of an output from the recep- 
tion data comparing section. 

10 In order to achieve the above object, according to 

the fifth main aspect of the present invention, there is 
provided a radio communication apparatus which is used in 
a CDMA communication system, has a plurality of fingers, 
and performs rake reception, comprising a delay profile 

15 calculating section for calculating a delay profile, a 
finger path allocating section for operating the fingers 
on the basis of the delay profile generated by the delay 
profile calculating section, a rake reception section for 
combining despreading results output from the plurality of 

20 fingers, outputting the resultant data, and estimating and 
outputting a reception SIR, a threshold table in which a 
threshold associated with a reception SIR is stored in ad- 
vance, a reception data comparing section for outputting a 
signal corresponding to a result of comparison between the 

25 reception SIR from the rake reception section and the 
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threshold stored in the threshold table, and a delay pro- 
file calculation control section for outputting a control 
signal for controlling operation of the delay profile cal- 
culating section on the basis of an output from the recep- 
5 tion data comparing section. 

In order to achieve the above object, according to 
the sixth main aspect of the present invention , there is 
provided a radio communication apparatus which is used in 
a CDMA communication system, has a plurality of fingers , 

10 and performs rake reception, wherein reception quality is 
ensured and power consumption is reduced by controlling a 
delay profile calculation cycle for obtaining path posi- 
tions allocated to the fingers on the basis of reception 
characteristics . 

15 In order to achieve the above object, according to 

the seventh main aspect of the present invention, there is 
provided a power consumption control method for a radio 
communication apparatus which is used in a CDMA communica- 
tion system, has a plurality of fingers, and performs rake 

20 reception, comprising the step of receiving a radio signal, 
the step of calculating a reception characteristic value 
of the radio signal, the step of comparing the reception 
characteristic value with a predetermined threshold, the 
step of stopping delay profile calculation processing when 

2 5 a result of the comparison in the comparison step indi- 



cates that the reception characteristic value is larger 
than the predetermined threshold, the step of executing 
the delay profile calculation processing when the result 
of the comparison in the comparison step indicates that 
the reception characteristic value is smaller than the 
predetermined threshold, the step of allocating path posi- 
tions to the plurality of fingers on the basis of the de- 
lay profile calculated in the execution step, and the step 
of despreading the radio signal by using the plurality of 
fingers . 

As is obvious from the respective aspects described 
above, according to the present invention, when the recep- 
tion characteristics are good, i.e., there is no need to 
update the paths allocated to fingers, delay profile cal- 
culation processing is not performed. This makes it pos- 
sible to reduce the power consumption required for delay 
profile calculation processing. That is, the power con- 
sumption for allocated path position update processing can 
be reduced by controlling delay profile calculation. 

In addition according to the present invention, since 
delay profile calculation processing is controlled by us- 
ing reception characteristics, when the reception charac- 
teristics are poor due to large path variations, control 
can be performed to execute delay profile calculation 
processing in a short cycle. This makes it possible to 



follow reception path variations and. obtain good reception 
characteristics . 

The above and many other objects, features and advan- 
tages of the present invention will become manifest to 
5 those skilled in the art upon making reference to the fol- 
lowing detailed description and the accompanying drawings 
in which preferred embodiments incorporating the principle 
of the present invention are shown by way of illustrative 
examples . 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a conventional de- 
modulation circuit for performing demodulation by 
despreading in a CDMA mobile station; 

Fig. 2 is a view showing an example of the timing of 
15 the execution of delay profile calculation processing in 
the conventional demodulation circuit; 

Fig . 3 is a block diagram schematically showing an 
example of a CDMA mobile communication system to which a 
mobile station having a demodulation circuit according to 
20 the present invention is applied; 

Fig. 4 is a block diagram showing an example of a 
communication environment for the CDMA mobile communica- 
tion system to which the mobile station shown in Fig, 3 is 
applied; 

2 5 Fig . 5 is a block diagram showing an example of the 
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internal arrangement of a base station in Fig. 3; 

Fig. 6 is a view showing an example of the signal 
format of a reception signal transmitted from the base 
station in Fig. 3 and received by the mobile station; 
5 Fig. 7 is a view showing an example of a signal for- 

mat which is different from the signal format in Fig. 6 
and in which known data is inserted in a reception signal 
received by the mobile station; 

Fig. 8 is a block diagram showing the first embodi- 
10 ment of a demodulation circuit which performs demodulation 
by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
station ; 

Fig . 9 is a block diagram showing an example of the 
15 internal arrangement of a delay profile calculating sec- 
tion in Fig. 8; 

Fig. 10 is a flow chart showing an example of the 
processing of controlling the operation of the delay pro- 
file calculating section in Fig. 8; 
20 Fig. 11 is a flow chart showing an example of the 

processing of controlling stoppage and resumption of delay 
profile calculation processing in the delay profile calcu- 
lating section in Fig. 8; 

Fig. 12 is a view for explaining an example of the 
2 5 timing of the execution of delay profile calculation proc- 
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essing in the first embodiment of the present invention in 
Fig. 8; 

Fig. 13 is a block diagram showing the second embodi- 
ment of a demodulation circuit which performs demodulation 
5 by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
station; 

Fig. 14 is a block diagram showing an example of the 
internal arrangement of a rake reception section in 
10 Fig. 13; 

Fig. 15 is a block diagram showing the third embodi- 
ment of a demodulation circuit which performs demodulation 
by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
15 station ; 

Fig. 16 is a flow chart showing an example of the 
processing of controlling the operation of a delay profile 
calculating section in Fig. 8; 

Fig. 17 is a view for explaining an example of the 
20 timing of the execution of delay profile calculation proc- 
essing in the third embodiment of the present invention in 
Fig. 16; 

Fig. 18 is a block diagram showing the fourth embodi- 
ment of a demodulation circuit which performs demodulation 
25 by despreading and serves as a radio communication appara- 
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tus according to the present invention in a CDMA mobile 
station; 

Fig. 19 is a block diagram showing an example of the 
internal arrangement of a delay profile calculating sec- 
5 tion in Fig. 18; 

Fig. 20 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 
essing in the fourth embodiment of the present invention 
in Fig. 18; 

10 Fig. 21 is a block diagram showing the fifth embodi- 

ment of a demodulation circuit which performs demodulation 
by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
station; 

15 Fig. 22 is a block diagram showing an example of the 

internal arrangement of a delay profile calculating sec- 
tion in Fig. 21; 

Fig. 23 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 

20 essing in the fifth embodiment of the present invention in 
Fig. 21; 

Fig. 24 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 
essing in a combination of the second and fourth embodi- 
2 5 ments; and 
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Fig. 25 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 
essing in a combination of the second, fourth, and fifth 
embodiments . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A few preferred Embodiments of the present invention 
will be described below with reference to the accompanying 
drawings . 

In the embodiment described below, the present inven- 
tion is applied to a mobile station in a CDMA mobile com- 
munication system. 

Fig. 3 is a block diagram schematically showing an 
example of a CDMA mobile communication system to which a 
mobile station having a radio communication apparatus ac- 
cording to the present invention is applied. 

ATM (Asynchronous Transfer Mode) communication tech- 
niques and the like have been applied to base stations, 
base station control equipment, and switching stations 
constituting the network side of a mobile communication 
system in consideration of the diversification (trends to- 
ward multimedia) of services provided by the mobile commu- 
nication system and the efficient use (statistical multi- 
plexing) of transmission paths that connect the respective 
base stations, base station equipment, and switching sta- 
tions . 
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A mobile station 1 communicates with another mobile 
station, a terminal apparatus connected to another network, 
or the like through the mobile communication system* The 
mobile station 1 can perform various types of communica- 
5 tions, e.g., speech communication and data communication. 

Transmission data from the mobile station 1 is trans- 
mitted as communication data to a base station 2 by radio 
communication. The base station 2 performs various proc- 
esses for the communication data received from the mobile 
10 station 1 or other mobile stations, e.g., assembling the 
data into ATM cells , and transmits the resultant data to 
base station equipment 3. 

In this manner, base stations transmit information in 
the form of ATM cells within the network regardless of 
15 whether the communication data in a radio zone is speech 
data, image data, or data in other forms. This makes it 
possible to easily cope with multimedia communication 
forms • 

The base station control equipment 3 routines the ATM 
20 cells received from the base station 2 in units of users, 
and transmits them to switching stations 4 or other subor- 
dinate base stations. The switching station 4 routines 
the ATM cells received from the base station control 
equipment 3 in units of users, and transmits them to other 
25 switching stations or a barrier station 5. 
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In such ATM cell transmission, ATM cells may be made 
to flow in a transmission path upon generation of the ATM 
cells. This obviates the necessity to prepare a transmis- 
sion path for each predetermined channel. Therefore, a 
5 statistical multiplexing effect can be obtained, and 
transmission paths can be efficiently used. Note that the 
barrier station 5 is used to relay data to another network. 

In transmitting data from the network side to the mo- 
bile station 1, the base station 2 performs primary modu- 
lo lation such as QPSK, then performs spread spectrum modula- 
tion as secondary modulation, and transmits the resultant 
data. A demodulation circuit of each embodiment (to be 
described later) can be applied to, for example, the mo- 
bile station 1. The mobile station 1 uses this demodula- 
15 tion circuit to demodulate a reception signal from the 
base station 2 by despreading it, thereby regenerating the 
data from the network side. 

Fig. 4 is a block diagram showing a communication en- 
vironment for the CDMA mobile communication system to 
20 which the mobile station 1 shown in Fig. 3 is applied. 

In an actual communication environment for the CDMA 
mobile communication system, as shown in Fig. 4, various 
obstacles 8 such as natural terrains and buildings exist 
between the base station 2 and the mobile station 1 in 
25 Fig. 3. For this reason, until a transmission signal 



transmitted, from the base station 2 reaches the mobile 
station 1, a plurality of paths such as direct waves and 
waves reflected by the obstacles 8 are present. The re- 
spective reception signals received by the mobile station 
1 through these paths differ in their phases, and hence 
the respective multipath reception signals can be regener- 
ated by despreading them in different phases. 

In CDMA, such multipath signals can be separated from 
each other to be recognized as data. Therefore, a path 
diversity arrangement can be used, in which fingers for 
despreading the respective multipath signals are arranged 
for the respective paths, and a rake reception section for 
combining signals from the respective fingers is used. 

Fig. 5 is a block diagram showing an example of the 
internal arrangement of the base station 2 in Fig. 3. 

A CRC bit adding section 41 adds a CRC bit for error 
correction to information data to be transmitted. A con- 
volution coding section 42 performs convolution coding of 
the data. 

A bit interleaving section 43 interleaves the output 
from the convolution coding section 42 to reduce the 
fading effects on the data. A time slot segmenting sec- 
tion 44 segments the data into slots. A pilot symbol ad- 
ding section 45 then time-multiplexes pilot symbols with 
the slots to form time slots. 
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A serial/parallel (S/P) conversion section 46 sepa- 
rates each time slot into I and Q components, which are 
multiplied by the spreading code generated by a spreading 
code generating section 47. The resultant I and Q compo- 
nents are further complex-multiplied by the scramble code 
generated by a scramble code generating section 48. After 
a QPSK modulation section 49 performs QPSK modulation of 
these components, the resultant data are filtered by a 
transmission filter 50 to be band-limited. The resultant 
data are then transmitted. 

Fig. 6 is a view showing an example of the format of 
a reception signal which is transmitted from the base sta- 
tion 2 in Fig. 3 and received by the mobile station 1. 

As shown in Fig. 6, a 10 -ms long radio frames are 
continuously transmitted from the base station 2. One ra- 
dio frame is constituted by 16 slots. One slot is consti- 
tuted by 10 symbols. 10 symbols constituting one slot in- 
clude four pilot symbols and six information data symbols. 

A pilot symbol is known data predetermined by the 
communication system. A demodulation circuit of each em- 
bodiment of the present invention calculates a delay pro- 
file by using this known data. An information data symbol 
is actual data to be actually transmitted/received in com- 
munication between terminals. 

In the following description, pilot symbols are used 
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as known data for delay profile calculation. However, the 
present invention is not limited to this. Obviously, any 
data such as data to be newly inserted can be used as 
known data for delay profile calculation as long as the 
5 data is a data portion of a signal transmitted from the 
base station 2 which is known by the mobile station 1 in 
advance . 

Fig. 7 shows an example of the format of a signal ob- 
tained by inserting known data into a reception signal re- 
10 ceived by the mobile station 1. This format differs from 
the signal format shown in Fig. 6. 

In the format shown in Fig. 7, information data and 
known data are respectively superimposed on the I and Q 
components of the reception signal received by the mobile 
15 station 1. 

The present invention can be applied to both the case 
shown in Fig. 6 and the case shown in Fig. 7. 

Fig. 8 is a block diagram showing the first embodi- 
ment of a demodulation circuit which performs demodulation 
2 0 by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
station . 

Referring to Fig. 8, this demodulation circuit is 
comprised of a delay profile calculating section 20 for 
25 calculating a delay profile, a finger path allocating sec- 
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tion 12 for operating fingers 13a and 13b on the basis of 
the delay profile generated by the delay profile calculat- 
ing section 20, a finger section 13 constituted by the 
fingers 13a and 13b for despreading reception signals, a 
5 rake reception section 14 for combining the despreading 
results as the outputs from the fingers 13a and 13b, a re- 
ception data processing section 15 for demodulating the 
output from the rake reception section 14 and outputting 
the resultant digital data as a demodulated output signal, 

10 a reception characteristic detection unit constituted by a 
known data table 16 in which known data (e.g., pilot sym- 
bols) to be contained in reception signals is stored in 
advance, a threshold table 17 in which a threshold associ- 
ated with reception signal error rates is stored in ad- 

15 vance , and a reception data comparing section 18 for ob- 
taining the error rate of a reception signal by comparing 
known data contained in an output signal from the recep- 
tion data processing section 15 with know data stored in 
the known data table 16, comparing the obtained error rate 

20 with the threshold stored in the threshold table 17 , and 
outputting a signal corresponding to the comparison result, 
and a delay profile calculation control section 19 for 
outputting a control signal for controlling the operation 
of the delay profile calculating section 20 on the basis 

25 of the output from the reception data comparing section 18. 
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Fig. 8 shows only two fingers, i.e., the fingers 13a 
and 13b, for the sake of illustrative convenience. How- 
ever, this circuit may have more fingers in consideration 
of the number of multipath signals produced. 
5 The reception signal received by the mobile station 

is subjected to quadrature detection to be demodulated. 
The I and Q component signals of this quadrature detection 
output are input to the delay profile calculating section 
20. The delay profile calculating section 20 generates a 
10 delay profile by calculating the correlation between the 
signals . 

The finger path allocating section 12 searches the 
delay profile, calculated and generated by the delay pro- 
file calculating section 20, for peaks. Path positions 

15 are then allocated, as allocated path positions, to the 
fingers 13a and 13b in the decreasing order of power cor- 
relation value. In the finger section 13, the fingers 13a 
and 13b despread signals sent over the allocated paths. 
The rake reception section 14 rake-combines the resultant 

20 outputs. The reception data processing section 15 demodu- 
lates the output from the rake reception section 14 , and 
outputs the resultant digital data, which is the demodula- 
tion result, as a demodulation output signal. 

The reception data comparing section 18 as a compo- 

25 nent of the reception characteristic detection unit com- 



pares the know data portion of the output signal from the 
reception data processing section 15 with the know data 
read out from the known data table 16, and calculates the 
reception BER (Bit Error Rate) of the known data portion 
of the reception signal. 

The reception data comparing section 18 compares the 
calculated reception BER with the threshold read out from 
the threshold table 17. If the calculated reception BER 
is equal to or lower than the threshold (i.e., the recep- 
tion state is good) , the reception data comparing section 
18 outputs a signal representing the corresponding infor- 
mation (this signal will be referred to as a "reception 
good signal" hereinafter) . 

The delay profile calculation control section 19 per- 
forms processing (to be described later) on the basis of 
the signal form the reception data comparing section 18 , 
and outputs a delay profile calculation control signal for 
controlling the operation of the delay profile calculating 
section 20 to the delay profile calculating section 20. 

Fig. 9 is a block diagram showing an example of the 
internal arrangement of the delay profile calculating sec- 
tion 20 in Fig. 8. 

As shown in Fig. 9, the delay profile calculating 
section 20 is comprised of a known signal replica generat- 
ing section 21 for generating a known signal replica by 



spreading known data, and outputting the replica, a corre- 
lation calculating section 22 for calculating the correla- 
tion between the I component of a quadrature detection 
output and the I component of the known signal replica, a 
5 correlation calculating section 23 for calculating the 
correlation between the Q component of the quadrature de- 
tection output and the Q component of the known signal 
replica, a signal/power conversion section 24 for convert- 
ing the signals into power values by using the outputs 

10 from the correlation calculating sections 22 and 23, an 
averaging section 25 for averaging the signals converted 
into the power values throughout a plurality of slots, and 
a holding section 26 for holding the signal from the aver- 
aging section 25 and outputting it as an average delay 

15 profile. 

The known signal replica generating section 21 stores 
known data in advance, like the known data table 16 in 
Fig. 8, and generates a known signal replica by spreading 
the known data, stored in advance, by a method similar to 
20 the spread spectrum modulation method in the base station 
2 in Fig. 5. 

The correlation calculating sections 22 and 23 re- 
spectively calculate the correlations between the I compo- 
nents of the quadrature detection output and known signal 
25 replica and between their Q components. The output sig- 
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nals from the correlation calculating sections 22 and 23 
are converted into power values by the signal/power con- 
version section 24. For example, this conversion is per- 
formed by computing I 2 + Q 2 to increase the S/N ratio. 
5 The averaging section 25 then averages signals, of 

the output signals from the signal/power conversion sec- 
tion 24 , which correspond to a plurality of slots shown in 
Fig. 6, and outputs the resultant data as an average delay 
profile. The reason why such averaging operation is per- 

10 formed is that, for example, only 1-slot data may result 
in an incorrect delay profile due to the influences of 
sporadic noise and the like. The holding section 26 holds 
the output from the averaging section 25 and generally 
outputs it without any change. 

15 A delay profile calculation control signal from the 

delay profile calculation control section 19 in Fig. 8 is 
input to each block in the delay profile calculating sec- 
tion 20 and acts to stop the operation of each block. On- 
ly the holding section 26 does not stop operating even 

20 when the delay profile calculation control signal is input. 
When the delay profile calculation control signal is input, 
the holding section 26 holds the signal input from the av- 
eraging section 25 immediately before the reception of the 
delay profile calculation control signal, and keeps out- 

25 putting the held signal. 
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The delay profile calculation control section 19 in 
Fig. 8 outputs a delay profile calculation control signal 
for controlling the operation of the delay profile calcu- 
lating section 20 on the basis of a signal from the recep- 
5 tion data comparing section 18. This processing will be 
described below. 

Fig. 10 is a flow chart showing an example of the 
processing of controlling the operation of the delay pro- 
file calculating section 20 in Fig. 8. 

10 First of all, the delay profile calculation control 

section 19 checks whether the reception BER is equal to or 
lower than the threshold stored in the threshold table 17 
(step A-l). This determination is performed by receiving 
the above reception good signal from the reception data 

15 comparing section 18 in Fig. 8. That is, in step A-l, 
when the reception good signal is input, it is determined 
that the reception BER is equal to or lower than the re- 
ception characteristic threshold. 

If it is determined in step A-l that the reception 

20 BER is not equal to or lower than the reception character- 
istic threshold, the delay profile calculation control 
section 19 outputs no delay profile calculation control 
signal, and the delay profile calculating section 20 nor- 
mally operates. That is, the delay profile calculating 

25 section 20 executes the above delay profile calculation 
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processing (step A-2), and the finger path allocating sec- 
tion 12 executes finger path allocation processing on the 
basis of the delay profile from the delay profile calcu- 
lating section 20 (step A-3), thereby updating the path 
5 positions in the fingers 13a and 13b of the finger section 
13 (step A-4) . 

If it is determined in step A-l that the reception 
BER is equal to or lower than the reception characteristic 
threshold, i.e., the delay profile calculation control 
10 section 19 in Fig. 8 receives a reception good signal from 
the reception data comparing section 18, the delay profile 
calculation control section 19 outputs a delay profile 
calculation control signal to the delay profile calculat- 
ing section 20 . 

15 Upon receiving the delay profile calculation control 

signal, the delay profile calculating section 20 stops the 
operations of the known signal replica generating section 
21, correlation calculating section 22, correlation calcu- 
lating section 23, signal/power conversion section 24, and 

20 averaging section 25 and causes the holding section 26 to 
hold the delay profile input to the averaging section 25 
immediately before the delay profile calculation control 
signal is input and keep outputting the held delay profile 
( step A- 5 ) . 

25 As a means for stopping the operations of the respec- 



tive blocks, i.e., the known signal replica generating 
section 21 , correlation calculating section 22, correlati- 
on calculating section 23, signal/power conversion section 
24 , and averaging section 25 in the delay profile calcu- 
5 lating section 20, a means for interrupting power supplied 
to the respective blocks or a means for stopping the sup- 
ply of operation clocks to the respective blocks may be 
used . 

If each block in the delay profile calculating sec- 

10 tion 20 is implemented by software, power supplied to a 
DSP (Digital Signal Processor) for executing the software 
may be interrupted, or the supply of operation clocks to 
the DSP or the like may be stopped. 

The finger path allocating section 12 in Fig. 8 allo- 

15 cates path positions to the fingers 13a and 13b of the 
finger section 13 on the basis of the delay profile which 
is held in the holding section 26 and output therefrom in 
step A- 5 and obtained immediately before the delay profile 
calculation is stopped (step A-6). That is, in this state, 

20 the path position allocation is not changed, and the imme- 
diately preceding state is held. 

In the case shown in Fig. 10, if it is determined in 
step A-l that the reception BER is equal to or lower than 
the reception characteristic threshold, control is per- 

25 formed to stop the delay profile calculation processing. 
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However, the present invention is not limited to this. 
For example, the delay profile calculation processing may 
be stopped for the first time when a state wherein the re- 
ception BER is equal to or lower than the reception char- 
5 acteristic threshold continues a plurality of number of 
times. This operation is performed to determine whether 
reception will be performed in a good, stable state. 

When it is determined that reception is good, it can 
be determined that despreading is performed while appro- 

10 priate path positions are allocated to the finger section 
13. That is, there is no need to update the allocated 
path positions, and hence the allocated path update proc- 
essing can be stopped. This makes it possible to reduce 
power consumption while maintaining good reception quality. 

15 If the delay profile calculation processing is 

stopped in step A- 5 in Fig. 10, since the path will change 
when, for example, the mobile station 1 moves, the delay 
profile calculation processing must be resumed afterward 
under some conditions. This processing will be described 

20 below. 

Fig. 11 is a flow chart showing an example of the 
processing of controlling stoppage and resumption of delay 
profile calculation processing in the delay profile calcu- 
lating section 20 in Fig. 8. 
25 The processing shown in Fig. 11 may be executed by. 
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for example, the delay profile calculation control section 
19 in Fig. 8, and may be executed as interrupt processing 
with respect to the processing shown in Fig, 10. 

In step B-l, it is checked whether delay profile cal- 
5 culation processing is currently stopped* If NO in step 
B-l, the flow waits until YES is obtained in step B-l. 

If it is determined in step B-l that delay profile 
calculation processing is being stopped, the flow waits 
until a predetermined period of time elapses after the de- 
10 lay profile calculation processing is stopped (step B-2). 
When this predetermined period of time has elapsed, the 
delay profile calculation processing is resumed (step B-3). 

In Fig. 11, the flow waits for a lapse of the prede- 
termined period of time without performing any operation 
15 in step B-2. However, the present invention is not limit- 
ed to this. For example, if it is determined in step B-2 
that the predetermined period of time has not elapsed, the 
processing in step A-l and the subsequent steps may be 
performed to determine execution or stoppage of delay pro- 
20 file calculation processing on the basis of the latest re- 
ception characteristics . 

The timing of the execution of delay profile calcula- 
tion processing will be described next. 

As shown in Fig. 2, the conventional demodulation 
25 circuit performs delay profile calculation for each pilot 
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symbol, and averages the values obtained by, for example, 
N calculations, thereby obtaining a delay profile to be 
output from the timing circuit 11 in Fig. 1. 

The timing of the execution of delay profile calcula- 
5 tion processing in the first embodiment will be described 
below in comparison with the above timing. 

Fig. 12 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 
essing in the first embodiment in Fig. 8. 
10 Similar to Fig. 2, Fig. 12 is a view showing a recep- 

tion signal, in which the hatched portions represent pilot 
symbols in Fig. 6, i.e., known data portions, and the re- 
maining portions represent information data symbol por- 
tions . 

15 As shown in Fig. 12, in the demodulation circuit ac- 

cording to the first embodiment, delay profile calculation 
is performed for each pilot symbol first, and then the 
values obtained by, for example, N calculations are aver- 
aged, thereby obtaining a delay profile to be output from 

20 the delay profile calculating section 20 in Fig. 8. If it 
is determined by the above processing that the reception 
BER is good, the delay profile calculation processing is 
stopped. After a lapse of a predetermined period of time, 
the delay profile calculation processing is resumed. 

2 5 The second embodiment of the present invention will 



be described next. 

Fig. 13 is a block diagram showing the second embodi- 
ment of a demodulation circuit which performs demodulation 
by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
station. 

Referring to Fig. 13, this demodulation circuit is 
comprised of a delay profile calculating section 20 for 
calculating a delay profile, a finger path allocating sec- 
tion 12 for operating fingers 13a and 13b on the basis of 
the delay profile generated by the delay profile calculat- 
ing section 20, a finger section 13 constituted by the 
fingers 13a and 13b for despreading reception signals, a 
rake reception section 28 for combining the despreading 
results as the outputs from the fingers 13a and 13b, out- 
putting the resultant data, and estimating and outputting 
a reception SIR (Signal to Interference Ratio), a recep- 
tion data processing section 15 for demodulating the out- 
put from the rake reception section 28 and outputting the 
resultant digital data as a demodulated output signal, a 
threshold table 29 in which a threshold associated with 
reception SIRs is stored in advance, a reception data com- 
paring section 30 for comparing a reception SIR from the 
rake reception section 28 with the threshold stored in the 
threshold table 29, and outputting a signal in accordance 
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with the comparison result, and a delay profile calculati- 
on control section 19 for outputting a control signal for 
controlling the operation of the delay profile calculating 
section 20 on the basis of the output from the reception 
5 data comparing section 30. 

Fig. 13 also shows only two fingers, i.e., the fin- 
gers 13a and 13b, for the sake of illustrative convenience. 
However, this circuit may have more fingers in considera- 
tion of the number of multipath signals produced. The sa- 
10 me reference numerals as in Fig. 8 denote the same parts 
in Fig. 13. 

The reception signal received by the mobile station 
is subjected to quadrature detection to be demodulated. 
The I and Q component signals of this quadrature detection 
15 output are input to the delay profile calculating section 
20. The delay profile calculating section 20 generates a 
delay profile by calculating the correlation between the 
signals . 

The finger path allocating section 12 searches the 
20 delay profile, calculated and generated by the delay pro- 
file calculating section 20, for peaks. Path positions 
are then allocated, as allocated path positions, to the 
fingers 13a and 13b in decreasing order of power correla- 
tion values. In the finger section 13, the fingers 13a 
25 and 13b despread signals sent over the allocated paths. 
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The rake reception section 28 rake -combines the resultant 
outputs. The reception data processing section 15 demodu- 
lates the output from the rake reception section 28, and 
outputs the resultant digital data, which is the demodula- 
5 tion result, as a demodulation output signal. 

The reception characteristic detection function in 
the second embodiment will be described below. The rake 
reception section 28 further estimates and outputs the re- 
ception SIR of the current reception signal. The recep- 

10 tion data comparing section 30 compares the reception SIR 
from the rake reception section 28 with the threshold read 
out from the threshold table 29. If the reception SIR is 
equal to or higher than the threshold (i.e., the reception 
state is good) , the reception data comparing section 30 

15 outputs a reception good signal representing the corre- 
sponding information as in the first embodiment. 

An example of how the rake reception section 28 esti- 
mates a reception SIR will be described below. 

Fig. 14 is a block diagram showing an example of the 

20 internal arrangement of the rake reception section 28 in 
Fig. 13. 

Despreading results from the respective fingers are 
input to the rake reception section 28, and only the data 
from effective fingers by an effective finger selecting 
25 section 31. The data from the effective fingers are input 
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to an estimating section 32 for total reception power and 
RSSI of each finger. The estimating section 32 for total 
reception power and RSSI of each finger estimates a total 
reception power TOTAL_POWER N and RSSI N (Received Signal 
Strength Indicator) of each finger according to equations 
(1) and (2). In these equations , the subscript N repre- 
sents a finger number. 
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In equations (1) and (2), N is a finger number, and M is 
an average symbol count . 

The total reception powers and RSSIs of the respec- 
tive fingers, estimated by the estimating section 32 for 
total reception power and RSSI of each finger, are com- 
bined by a combining section 33 for total reception powers 
and RSSIs of the respective fingers by using a well-known 
maximum ratio combining method, thereby obtaining 
TOT AL_P OWE R and RSSI. An SIR calculating section 34 ob- 
tains an interference component ISSI (Interference Signal 
Strength Indicator) by using the outputs from the combinig 
section 33 for total reception powers and RSSIs of the re- 
spective fingers according to equation (3): 
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ISSI = TOTAL_POWER - RSSI --*(3) 

In general, in obtaining an SIR, an interference com- 
ponent ISSI is determined in consideration of a past in- 
terference component, as indicated by equation (4). In 
5 equation (4), ISSI ± is the current ISSI, and ISSIi-i is the 
preceding ISSI, 

ISSIi = A x ISSIi + (1 - A) x ISSIi-i ...(4) 
where A is an oblivion coefficient . 

Finally, an SIR is calculated by 
10 SIR = RSSI/ISSIi ...(5) 

Referring back to Fig. 13, the delay profile calcula- 
tion control section 19 and delay profile calculating sec- 
tion 20 are identical to the delay profile calculation 
control section 19 and delay profile calculating section 
15 20 shown in Figs. 8 and 9, and hence a description thereof 
will be omitted. 

In the second embodiment, a reception SIR is used as 
a criterion for determining whether reception characteris- 
tics are good. However, the present invention is not lim- 
20 ited to this. For example, any indicator representing re- 
ception characteristics, e.g., a reception RSSI (Received 
Signal Strength Indicator) can be used. 

The third embodiment of the present invention will be 
described next. 

25 Fig. 15 is a block diagram showing the third embodi- 
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ment of a demodulation circuit which performs demodulation 
by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
station . 

5 The same reference numerals as in Fig. 8 denote the 

same parts in Fig. 15, and a detailed description thereof 
will be omitted. 

In the third embodiment, a delay profile calculating 
section 20 has the same internal arrangement as that shown 
10 in Fig. 9, and hence will be described with reference to 
Fig. 9. 

According to the reception characteristic detection 
function of the third embodiment, a first threshold and a 
second threshold lower than the first threshold are stored 
15 in a threshold table 17a in Fig. 15 in advance. A recep- 
tion data comparing section 18 outputs a first reception 
good signal when a reception BER is equal to or lower than 
the first threshold, and outputs a second reception good 
signal when a reception BER is equal to or lower than the 
20 second threshold. 

The operation of the third embodiment will be de- 
scribed with reference to the flow chart of Fig. 16. 

Fig. 16 is a flow chart showing an example of the 
processing of controlling the operation of the delay pro- 
25 file calculating section 20 in Fig. 15 in the third em- 



bodiment of the present invention. 

First of all, a delay profile calculation control 
section 19a checks whether the reception BER is equal to 
or lower than the first threshold stored in the threshold 
table 17a (step C-l). This determination is performed 
upon reception of the first or second reception good sig- 
nal from the reception data comparing section 18a in 
Fig. 15. In step C-l, when the first of second reception 
good signal is input, it is determined that the reception 
BER is equal to or lower than the first threshold. 

If it is determined in step C-l that the reception 
BER is not equal to or lower than the reception character- 
istic threshold, the delay profile calculation control 
section 19a outputs no delay profile calculation control 
signal, and the delay profile calculating section 20 nor- 
mally operates. That is, the delay profile calculating 
section 20 executes the above delay profile calculation 
processing (step C-2), and a finger path allocating sec- 
tion 12 executes finger path allocation processing on the 
basis of the delay profile from the delay profile calcu- 
lating section 20 (step C-3). The path positions are up- 
dated in fingers 13a and 13b of a finger section 13. 

If it is determined in step C-l that the reception 
BER is equal to or lower than the first threshold, it is 
checked whether the reception BER is equal to or lower 
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than the second threshold stored in the threshold table 
17a. This determination is performed upon reception of 
the above second reception good signal from the reception 
data comparing section 18a in Fig. 15. That is, when the 
5 second reception good signal is input in step C-5, it is 
determined that the reception BER is equal to or lower 
than the second threshold. 

If it is determined in step C-5 that the reception 
BER is equal to or lower than the second threshold, i.e., 
10 when the delay profile calculation control section 19a in 
Fig. 9 receives the first and second good reception sig- 
nals from the reception data comparing section 18a , the 
delay profile calculation control section 19a sets the 
first stop time (step C-6), and outputs a delay profile 
15 calculation control signal to the delay profile calculat- 
ing section 20. 

If it is determined in step C-5 that the reception 
BER is not equal to or lower than the second threshold, 
i.e., when the delay profile calculation control section 

20 19a in Fig. 15 receives the first reception good signal 
but does not receive the second reception good signal from 
the reception data comparing section 18a, the delay pro- 
file calculation control section 19a sets the second stop 
time (step C-7), and outputs a delay profile calculation 

25 control signal to the delay profile calculating section 20. 



Upon receiving the delay profile calculation control 
signal, the delay profile calculating section 20 stops the 
operations of a known signal replica generating section 21, 
correlation calculating section 22, correlation calculat- 
ing section 23, signal/power conversion section 24, and 
averaging section 25 in Fig. 9, and causes a holding sec- 
tion 26 to hold the delay profile input to the averaging 
section 25 immediately before the delay profile calculati- 
on control signal is input and keep outputting the held 
delay profile (step C-8). 

The finger path allocating section 12 in Fig. 15 al- 
locates path positions to the fingers 13a and 13b of the 
finger section 13 on the basis of the delay profile which 
is held in the holding section 26 and output therefrom in 
step C-8 and obtained immediately before the delay profile 
calculation is stopped (step C-9). That is, in this state, 
the path position allocation is not changed, and the imme- 
diately preceding state is held. 

Note that the first stop time set in step C-6 is lon- 
ger than the second stop time set in step C-7. 

In the third embodiment as well, the processing shown 
in Fig. 11 is performed, and the first and second stop 
time set in steps C-6 and C-7 are used as the time re- 
quired for step B-2 in Fig. 11. In the third embodiment, 
thresholds for reception characteristic are set in steps 



to determine a delay profile calculation processing stop 
time in accordance with the current reception characteris- 
tics , and the delay profile calculation processing stop 
time becomes longer as the reception characteristics be- 
come better. 

The timing of the execution of delay profile calcula- 
tion processing in the third embodiment will be described 
below. 

Fig. 17 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 
essing in the third embodiment in Fig. 16. 

Fig. 17 is a view showing a reception signal, in 
which the hatched portions represent pilot symbols in 
Fig. 6, i.e., known data portions, and the remaining por- 
tions represent information data symbol portions. 

As shown in Fig. 17, in the demodulation circuit ac- 
cording to the third embodiment, delay profile calculation 
is performed for each pilot symbol first, and then the 
values obtained by, for example, N calculations are aver- 
aged, thereby obtaining a delay profile to be output from 
the delay profile calculating section 20 in Fig. 8. If it 
is determined by the above processing that the reception 
BER is equal to or lower than the second threshold, the 
delay profile calculation processing is stopped for the 
first stop time, and the delay profile calculation proc- 
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essing is resumed after a lapse of the first stop time. 
If it is determined that the reception BER is equal to or 
lower than the first threshold but is not equal to or low- 
er than the second threshold, the delay profile calcula- 
5 tion processing is stopped for the second stop time, and 
the delay profile calculation processing is resumed after 
a lapse of the second stop time. 

The fourth embodiment of the present invention will 
be described next . 
10 Fig. 18 is a block diagram showing the fourth embodi- 

ment of a demodulation circuit which performs demodulation 
by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
station . 

15 Fig. 19 is a block diagram showing an example of the 

internal arrangement of a delay profile calculating sec- 
tion 20b in Fig. 18. 

The same reference numerals as in Figs . 8 and 9 de- 
note the same parts in Figs. 18 and 19, and a detailed de- 

20 scription thereof will be omitted. 

In the first embodiment described above, as shown in 
Fig. 12, an average delay profile is obtained by averaging 
the values obtained N calculations, and path positions are 
allocated to fingers 13a and 13b of a finger section 13 on 

2 5 the basis of the average delay profile. In the fourth em- 
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bodiment, the number of times of calculations in obtaining 
an average delay profile can be changed. 

In the fourth embodiment , a plurality of thresholds 
are stored in a threshold table 17b in Fig. 18 , and a re- 
ception data comparing section 18b and delay profile cal- 
culation control section 19b compare a reception BER with 
a plurality of thresholds to classify the current recepti- 
on characteristics into a plurality of data, and output 
the data as a delay profile calculation control signal to 
a delay profile calculating section 20. 

In the delay profile calculating section 20b, which 
has received this delay profile calculation control signal, 
the number of times of calculations in obtaining an aver- 
age delay profile in an averaging section 25b in Fig. 19 
is changed in accordance with the current reception char- 
acteristics. If, for example, the reception characteris- 
tics are good, the number of times of calculations in ob- 
taining an average delay profile may be decreased, and 
vice versa. 

Fig. 20 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 
essing in the fourth embodiment of the present invention 
in Fig. 18. 

Similar to Fig. 2, Fig. 20 is a view showing a recep- 
tion signal, in which the hatched portions represent pilot 
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symbols in Fig. 6, i.e., known data portions, and the re- 
maining portions represent information data symbol por- 
tions . 

As shown in Fig. 20, in the demodulation circuit ac- 
5 cording to the fourth embodiment, delay profile calcula- 
tion is performed for each pilot symbol first, and then 
the values obtained by, for example, N calculations are 
averaged, thereby obtaining a delay profile to be output 
from the delay profile calculating section 20b in Fig. 18. 
10 If it is determined by the above processing that the re- 
ception BER is high, the number of times of calculations 
in obtaining an average delay profile is changed to P (N > 
P). If it is determined afterward that the reception BER 
has increased, the number of times of calculations in ob- 
15 taining an average delay profile is changed to R (N < R). 

By changing the number of times of calculations in 
obtaining an average delay profile, the ratio of the delay 
profile calculation stop period shown in Fig. 12 to the 
total period can be finely adjusted. This makes it pos- 
20 sible to further reduce power consumption when the recep- 
tion characteristics are good. 

The fifth embodiment of the present invention will be 
described next . 

Fig. 21 is a block diagram showing the fifth embodi- 
2 5 ment of a demodulation circuit which performs demodulation 
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by despreading and serves as a radio communication appara- 
tus according to the present invention in a CDMA mobile 
station. 

Fig. 22 is a block diagram showing an example of the 
5 internal arrangement of a delay profile calculating sec- 
tion 20c in Fig. 21. 

The same reference numerals as in Figs. 8 and 9 de- 
note the same parts in Figs. 21 and 22, and a detailed de- 
scription thereof will be omitted. 

10 As described with reference to Fig. 6, a pilot symbol 

is constituted by four symbols. In the other embodiments 
described above, pilot symbols are used as known data. 
However, a predetermined number of symbols, one or more, 
of four symbols can be used as known data. 

15 In the fifth embodiment, the in-phase addition count 

in the delay profile calculating section 20c is changed in 
accordance with the current reception characteristics. In 
this case, the in-phase addition count indicates how many 
symbols of the pilot symbol pattern constituted by four 

20 symbols are used to calculate a delay profile. For exam- 
ple, four in-phase additions indicate calculating a delay 
profile by using four symbols, and one in-phase addition 
indicates calculating a delay profile by using one symbol. 
In the fifth embodiment, a plurality of thresholds 

25 are stored in a threshold table 17c in Fig. 21, and a re- 



ception data comparing section 18c and delay profile cal- 
culation control section 19c compare a reception BER with 
a plurality of thresholds to classify the current recepti- 
on characteristics into a plurality of data, and output 
the data as a delay profile calculation control signal to 
the delay profile calculating section 20c. 

The delay profile calculating section 20c , which has 
received this delay profile calculation control signal, 
stops the operations of correlation sections 22c and 23c 
in Fig. 22 in accordance with the current reception char- 
acteristics (with one in-phase addition, the operation is 
stopped during a period corresponding to three other sym- 
bols). If the reception characteristics are good, the 
in-phase addition count may be decreased, and vice versa. 

Fig. 23 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 
essing in the fifth embodiment of the present invention in 
Fig. 21. 

Similar to Fig. 2, Fig. 23 is a view showing a recep- 
tion signal, in which the hatched portions represent pilot 
symbols in Fig. 6, i.e., known data portions, and the re- 
maining portions represent information data symbol por- 
tions . 

As shown in Fig. 23, the demodulation circuit accord- 
ing to the fifth embodiment performs delay profile calcu- 
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lation by four in-phase additions for each pilot symbol to 
obtain a delay profile to be output from a delay profile 
calculating section 20b in Fig. 18. If it is determined 
by the above processing that the reception BER is low, the 
in-phase addition count in calculating a delay profile is 
changed to two. If it is determined afterward that the 
reception BER is high, the in-phase count in calculating a 
delay profile is changed to four. 

Note that if control is performed by combining the 
above embodiments on the basis of reception characteris- 
tics, a reduction in power consumption can be attained 
while the good reception characteristics are maintained. 
This point will be described below with reference to the 
timing chart. 

Fig. 24 is a view for explaining an example of the 
timing of the execution of delay profile calculation proc- 
essing in a combination of the second and fourth embodi- 
ments of the present invention. 

Similar to Fig. 2, Fig. 24 is a view showing a recep- 
tion signal, in which the hatched portions represent pilot 
symbols in Fig. 6, i.e., known data portions, and the re- 
maining portions represent information data symbol por- 
tions . 

In the case shown in Fig. 24, delay profile calcula- 
tion is stopped on the basis of the reception characteris- 
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tics 7 and the stop time and the number of times of calcu- 
lations in obtaining an average delay profile can be 
changed. 

Fig. 25 is a view for explaining an example of the 
5 timing of the execution of delay profile calculation proc- 
essing in a combination of the second, fourth, and fifth 
embodiments of the present invention. 

Similar to Fig. 2, Fig. 25 is a view showing a recep- 
tion signal, in which the hatched portions represent pilot 
10 symbols in Fig. 6, i.e., known data portions, and the re- 
maining portions represent information data symbol por- 
tions . 

In the case shown in Fig. 25, delay profile calcula- 
tion is stopped on the basis of the reception characteris- 

15 tics, and the number of times of calculations and/or 
in-phase addition count in obtaining a delay profile can 
be changed, together with the stop time. 

As has been described above, according to the present 
invention, when reception characteristics are good, a re- 

20 duction in power consumption can be attained within a 
range in which communication can be performed. In con- 
trast to this, if the reception characteristics are poor, 
optimal path positions can be immediately calculated and 
allocated to the fingers 13a and 13b of the finger section 

25 13 by performing delay profile calculation more frequently. 



WHAT IS CLAIMED IS: 

1 . A radio communication apparatus which is used in 
a CDMA communication system, has a plurality of fingers, 
and performs rake reception, comprising: 

a delay profile calculating section for calculating a 
delay profile using a reception signal; and 

a finger path allocating section for allocating path 
positions to said plurality of fingers on the basis of the 
delay profile calculated by said delay profile calculating 
section , 

wherein a delay profile calculation cycle in said de- 
lay profile calculating section is variable. 

2 • A radio communication apparatus which is used in 
a CDMA communication system, has a plurality of fingers, 
and performs rake reception, comprising: 

a delay profile calculating section for calculating a 
delay profile using a reception signal; 

a finger path allocating section for allocating path 
positions to said plurality of fingers on the basis of the 
delay profile calculated by said delay profile calculating 
section; 

a reception characteristic detecting section for de- 
tecting reception characteristics of the reception signal; 
and 

a delay profile calculation control section for con- 
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trolling a delay profile calculation cycle in said delay 
profile calculating section on the basis of the reception 
characteristics detected by said reception characteristic 
detecting section . 
5 3 . An apparatus according to claim 2, wherein said 

reception characteristic detecting section detects a re- 
ception BER * 

4. An apparatus according to claim 2, wherein said 
reception characteristic detecting section detects a re- 

10 ception SIR. 

5. An apparatus according to claim 2, wherein said 
delay profile calculation control section stops delay pro- 
file calculation processing in said delay profile calcu- 
lating section when the reception characteristics detected 

15 by said reception characteristic detecting section are 
good. 

6 • An apparatus according to claim 2 , wherein said 
delay profile calculation control section stops delay pro- 
file calculation processing in said delay profile calcu- 

20 lating section for a predetermined period of time in ac- 
cordance with a predetermined threshold when the reception 
characteristics detected by said reception characteristic 
detecting section are good as compared with the predeter- 
mined threshold. 

25 7 . An apparatus according to claim 5, wherein the 
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delay profile calculation processing is stopped by inter- 
rupting an operation clock supplied to the delay profile 
calculation processing in said delay profile calculating 
section . 

5 8 . An apparatus according to claim 6, wherein the 

delay profile calculation processing is stopped by inter- 
rupting an operation clock supplied to the delay profile 
calculation processing in said delay profile calculating 
section. 

10 9 . An apparatus according to 5, wherein said delay 

profile calculating section comprises a holding section, 
and while the delay profile calculation processing is 
stopped, said holding section keeps outputting a delay 
profile calculated immediately before the delay profile 

15 calculation processing is stopped. 

10. An apparatus according to 6, wherein said delay 
profile calculating section comprises a holding section, 
and while the delay profile calculation processing is 
stopped, said holding section keeps outputting a delay 

20 profile calculated immediately before the delay profile 
calculation processing is stopped. 

11. An apparatus according to claim 2, wherein said 
delay profile calculating section calculates an average 
delay profile by averaging values obtained by performing 

25 delay profile calculation by a predetermined number of 
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times, said finger path allocating section allocates path 
positions to said plurality of fingers on the basis of the 
average delay profile, and said delay profile calculation 
control section controls the number of times of calcula- 
5 tions in said delay profile calculating section on the ba- 
sis of the reception characteristics detected by said re- 
ception characteristic detecting section. 

12. An apparatus according to claim 5, wherein said 
delay profile calculating section calculates an average 

10 delay profile by averaging values obtained by performing 
delay profile calculation by a predetermined number of 
times, said finger path allocating section allocates path 
positions to said plurality of fingers on the basis of the 
average delay profile, and said delay profile calculation 

15 control section controls the number of times of calcula- 
tions in said delay profile calculating section on the ba- 
sis of the reception characteristics detected by said re- 
ception characteristic detecting section. 

13. An apparatus according to claim 11, wherein said 
20 delay profile calculation control section decreases the 

number of times of calculations in said delay profile cal- 
culating section when the reception characteristics de- 
tected by said reception characteristic detecting section 
improve, and increases the number of times of calculations 
2 5 in said delay profile calculating section when the recep- 
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tion characteristics deteriorate. 

14. A radio communication apparatus which is used in 
a CDMA communication system, has a plurality of fingers, 
and performs rake reception, comprising: 
5 a delay profile calculating section for calculating a 

delay profile using a reception signal; 

a finger path allocating section for allocating path 
positions to said plurality of fingers on the basis of the 
delay profile calculated by said delay profile calculating 
10 section ; 

a reception characteristic detecting section for de- 
tecting reception characteristics of the reception signal; 
and 

a delay profile calculation control section for con- 
15 trolling an in-phase addition count in delay profile cal- 
culation in said delay profile calculating section on the 
basis of the reception characteristics detected by said 
reception characteristic detecting section. 

15. An apparatus according to claim 14 , wherein said 
20 delay profile calculation control section decreases an 

in-phase addition count in said delay profile calculating 
section when the reception characteristics detected by 
said reception characteristic detecting section are good. 

16. An apparatus according to claim 14, wherein said 
25 delay profile calculation control section sets an in-phase 
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addition count in said delay profile calculating section 
to a predetermined count in accordance with a predeter- 
mined threshold when the reception characteristics detect- 
ed by said reception characteristic detecting section are 
5 good as compared with the predetermined threshold. 

17. A radio communication apparatus which is used in 
a CDMA communication system, has a plurality of fingers , 
and performs rake reception , comprising: 

a delay profile calculating section for calculating a 
10 delay profile; 

a finger path allocating section for operating said 
fingers on the basis of the delay profile generated by 
said delay profile calculating section; 

a rake reception section for combining despreading 
15 results output from said plurality of fingers; 

a reception data processing section for demodulating 
an output from said rake reception section and outputting 
resultant digital data as a demodulated output signal; 

a known data table in which known data to be con- 
20 tained in a reception signal is stored in advance; 

a threshold table in which a threshold associated 
with an error rate of a reception signal is stored in ad- 
vance ; 

a reception data comparing section for obtaining an 
2 5 error rate of the reception signal by comparing known data 
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contained in an output signal from said reception data 
processing section with the known data stored in said 
known data table, and outputting a signal in accordance 
with a result of comparison between the error rate and the 
5 threshold stored in said threshold table; and 

a delay profile calculation control section for out- 
putting a control signal for controlling operation of said 
delay profile calculating section on the basis of an out- 
put from said reception data comparing section. 
10 18 * A radio communication apparatus which is used in 

a CDMA communication system, has a plurality of fingers, 
and performs rake reception, comprising: 

a delay profile calculating section for calculating a 
delay profile; 

15 a finger path allocating section for operating said 

fingers on the basis of the delay profile generated by 
said delay profile calculating section; 

a rake reception section for combining despreading 
results output from said plurality of fingers, outputting 

20 the resultant data, and estimating and outputting a recep- 
tion SIR; 

a threshold table in which a threshold associated 
with a reception SIR is stored in advance; 

a reception data comparing section for outputting a 
25 signal corresponding to a result of comparison between the 
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reception SIR from said rake reception section and the 
threshold stored in said threshold table; and 

a delay profile calculation control section for out- 
putting a control signal for controlling operation of said 
5 delay profile calculating section on the basis of an out- 
put from said reception data comparing section. 

19. A radio communication apparatus which is used in 
a CDMA communication system, has a plurality of fingers , 
and performs rake reception, 

10 wherein reception quality is ensured and power con- 

sumption is reduced by controlling a delay profile calcu- 
lation cycle for obtaining path positions allocated to 
said fingers on the basis of reception characteristics. 

20. A power consumption control method for a radio 
15 communication apparatus which is used in a CDMA communica- 
tion system, has a plurality of fingers, and performs rake 
reception , comprising : 

the step of receiving a radio signal; 

the step of calculating a reception characteristic 
20 value of the radio signal; 

the step of comparing the reception characteristic 
value with a predetermined threshold ; 

the step of stopping delay profile calculation proc- 
essing when a result of the comparison in the comparison 
25 step indicates that the reception characteristic value is 



- 60 - 



larger than the predetermined threshold; 

the step of executing the delay profile calculation 
processing when the result of the comparison in the com- 
parison step indicates that the reception characteristic 
5 value is smaller than the predetermined threshold; 

the step of allocating path positions to the plural- 
ity of fingers on the basis of the delay profile calculat- 
ed in the execution step; and 

the step of despreading the radio signal by using 
10 said plurality of fingers. 

21. A method according to claim 20, further compris- 
ing: 

the step of detecting whether a predetermined period 
of time elapses while the delay profile calculation proc- 
15 essing is stopped in the stop step; and 

the step of resuming the delay profile calculation 
processing when a lapse of the predetermined period of 
time is detected in the detection step. 

22. A power consumption control method for a radio 
20 communication apparatus which is used in a CDMA communica- 
tion system, has a plurality of fingers, and performs rake 
reception , comprising : 

the step of receiving a radio signal; 

the step of calculating a reception characteristic 
25 value of the radio signal; 
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the first comparison step of comparing the reception 
characteristic value with a first predetermined threshold; 

the step of executing delay profile calculation proc- 
essing when a result of the comparison in the first com- 
5 parison step indicates that the reception characteristic 
value is smaller than the first predetermined threshold; 

the second comparison step of comparing the recepti- 
on characteristic value with a second predetermined 
threshold when the result of the comparison in the first 
10 comparison step indicates that the reception characteris- 
tic value is larger than the first predetermined thresh- 
old; 

the first stop step of stopping delay profile calcu- 
lation processing for a first predetermined period of time 
15 when a result of comparison in the second comparison step 
indicates that the reception characteristic value is 
larger than the second threshold; 

the second stop step of stopping delay profile calcu- 
lation processing for a second predetermined period of 
20 time when the result of comparison in the second compari- 
son step indicates that the reception characteristic value 
is smaller than the second threshold; 

the step of allocating path positions to the plural- 
ity of fingers on the basis of the delay profile calculat- 
2 5 ed in the execution step; and 
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the step of despreading the radio signal by using 
said plurality of fingers. 

23 . A power consumption control method for a radio 
communication apparatus which is used in a CDMA communica- 

5 tion system, has a plurality of fingers, and performs rake 
reception , comprising : 

the step of receiving a radio signal; 

the step of calculating a reception characteristic 
value of the radio signal; 
10 the step of comparing the reception characteristic 

value with a predetermined threshold; 

the step of decreasing the number of times of calcu- 
lations in obtaining an average delay profile when a re- 
sult of the comparison in the comparison step indicates 
15 that the reception characteristic value is larger than the 
predetermined threshold; 

the step of allocating path positions to the plural- 
ity of fingers on the basis of the average delay profile; 
and 

20 the step of despreading the radio signal by using 

said plurality of fingers. 

24. A power consumption control method for a radio 
communication apparatus which is used in a CDMA communica- 
tion system, has a plurality of fingers, and performs rake 

25 reception, comprising: 
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the step of receiving a radio signal; 

the step of calculating a reception characteristic 
value of the radio signal; 

the step of comparing the reception characteristic 
5 value with a predetermined threshold; 

the step of decreasing an in-phase addition count in 
calculating a delay profile when a result of the compari- 
son in the comparison step indicates that the reception 
characteristic value is larger than the predetermined 
10 threshold; 

the step of allocating path positions to the plural- 
ity of fingers on the basis of the average delay profile; 
and 

the step of despreading the radio signal by using 
15 said plurality of fingers. 
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ABSTRACT OF THE DISCLOSURE 

A radio communication apparatus which is used in a 
CDMA communication system, has a plurality of fingers, and 
performs rake reception, includes a delay profile calcu- 
5 lating section and a finger path allocating section. The 
delay profile calculating section calculates a delay pro- 
file using a reception signal. The finger path allocating 
section allocates path positions to the plurality of 
fingers on the basis of the delay profile calculated by 
10 the delay profile calculating section. A delay profile 
calculation cycle in the delay profile calculating section 
is variable. A power consumption control method is also 
disclosed. 
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Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 

RADIO COMMUNICATION APPARATUS USED IN CDMA COMMUNICATION 
SYSTEM, WHICH HAS FINGERS AND IS DESIGNED TO PERFORM RAKE 
RECEPTION, AND POWER CONSUMPTION CONTROL METHOD THEREFOR 

the specification of which 

^heck one) 

SI is attached hereto. 

fcj was filed on as United States Application No. or PCT International 

0 Application Number 

+ ; and was amended on 

f" (if applicable) 

Riereby state that I have reviewed and understand the contents of the above identified specification, 
jHcluding the claims, as amended by any amendment referred to above. 

Acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
gpown to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56. 

1 hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 



1 91 1 64/1 999 Japan 06/07/1 999 □ 

(Number) (Country) (Day/Month/Year Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 
application(s) listed below: 



(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter ot each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Sftction 1.56 which became available between the filing date of the prior application and the national 
cfiPCT International filing date of this application: 



% (Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


■f! (Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


™ (Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 13 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 

Stephen D. Murphy, Reg. No.: 22,002 Paul J. Esatto, Reg. No.: 30,749 

William C. Roch, Reg. No.: 24,972 Mark J. Cohen, Reg. No.: 32,211 

Frank S. DiGiglio, Reg. No.: 31,346 Donald T. Black, Reg. No.: 27,999 



Send Correspondence to: Paul J ' Esatto > Jn 

Scully, Scott, Murphy & Presser 
400 Garden City Plaza 
D Garden City, New York 11530 



greet Telephone Calls to: (name and telephone number) 

Paul J. Esatto, Jr. (516) 742-4343 



Full name of sole or first inventor 

Koichi TAMURA 



Sole or first inventor's signature 



Io^MxJa, yS'J June 28, 2000 



Residence 

Tokyo, Japan 



Citizenship 

Japanese 



Post Office Address 

c/o NEC Corporation, 7-1, Shiba 5-chome, Minato-ku, 



Tokyo, Japan 



Full name of second inventor, if any 



Second inventor's signature 



Residence 



Citizenship 



Post Office Address 



Form PTO-SB-01 (6-95) (Modified) 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



